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(57) Abstract 

PURPOSE: To stably maintain high teneila strength in 
non-refining steel and to miniaturize parts by 
specifying the content of C k SI. Win, Cr, S, V, N, Al and 
Ti in steel and specifying the carbon equivalent and 
bainftic transformation index. 

CONSTITUTION: The compsn. of the non-refining steel Is 
constituted of, by weight, 0,25 to 0.50% C, 0,40 to 
2.00% Si, 0.50 to 2,50% Mn, 0.10 to 1.00% Cr, 0.03 to 



0.10% S, 0.05 to 0,30% V, 0.0050 to 0.0200% N and one 
or two kinds of 0.005 to 0.050% Al and 0.002 to 0.050% 
Ti, and the balance Fe with inevitable ImpuritUrS, 
Moreover, the carbon equivalent expressed by Ceq%=%C 
+(%5IV2CH<%Mn)/5-K%Cr)/9+1.54(%V) is regulated to 
0.83 to 1.23. Furthermore, the value of the bainido 
transformation index expressed by 

Bt=31.2"1OT(%C)^6.7(%Si)+a0(%Mn)+4.9(%Cr>8l(%V^ 
is regulated to s0. In this way, a 900MPa tensile strength 
can be realized in a hot forging and non-refining state. 
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[flMt] WSftOC, Si,Mn, Ct, 5, V, N 

iAK Tioiatu<(i2im, asusika;, 

Mru Cr, S, V, CatAl, T i <T) 1 U\> t 
9 0 OMP 6&J-.i«SfflifMsn»fo9, Jp«H8lfce8& 
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C ; 0. 2 5-0. 5 0%, 
S i : 0, 4 0-2. 0 0% 
Mn : 0. S 0- 2. 5 0%, 
Cr ; 0, 10-1. 00%, 
S : 0. 0 3-0. 10%, 
V : 0, 0 5-0. 3 0%, 



[0004] nt&m&oM$i£ibtmmm#\zfc 

$M*DX«©ftajfig-FV, NbiiWt 



[0003] *fc, &£ttimm9tff&*>iti>s 



K ; 0 . 0050-0. 0200% 



10 



A 1 : 0. 0 0 5-0. 0 5 0%, T i : 0, 0 0 2- LTtfHiU 7*7<< MajftfcMK-r&tttt 

0. 0 5 0*«>iafcL<f±2JKr«*, ttfflWFe* frtttoTV^fi. ^ WS<D*WSfl9wj»Rj«(&* 

Ceq. <%) #0. 83%-l. 2 3%, -<*-#vf h ^ WS^|I«|^Tfei> t 

£fl&*S#B t # 0 AT^^ftKMIftin^fflMsnM -5. *CTi^ttflrWP i - j g g 4 5 0 -^fc«K|«7j< 

Ceq. (%) ~%CH- (%S i) /20 + (%Mn) SiVC^aJ:$fc, BittEffcfcH*-^ BlBeS** 

/s+ (%cr)/9 + i, 54 (%v) im%mM£\*x®&mftitmbM&&tix:^&. t 

Bt = 31, 2-100 (%C3 -6. 7 (%Si) + U^M¥ 1 - 1 9 8 4 5 0^«KSB«CO«fc&ffl« 

9. 0 (%Mn) +4. 9 (%Cr) -8 1 (%V) a**"C«>5U89M8ttj8J:* 1 0 0 0MP o#BMfe 
m*W2) S*%-C 20 hi. 

C : 0. 2 5-0. 5 0%, [0 0 0 5] 

Si :0. 4 0-2. 0 0%, [M0)NKU^t8ll|] 7*?^ h.^5-f h 

Mn ; 0, 5 0- 2. 5 0%, IIUlfttt&jPK < , 4HNttKCn«ft?o«NMSA«fe 
Cr:0. 10-1. 0 0%, »W«iS*fflH«fflT-9 0 0 - X 2 0 0MP a C3| 

S : 0. 03-0. 10%, §B!ia**:RS«]lcRai-5ii:^*ntf. efflj^fifl 

v;0. 05-0. 3 0%, A0*Btt^ic£ft4MaA±«, XftftMUtttt* 

N:0. OOSO-0. 0200% 

Ca:0. 0 0 0 4-0. 0 0 5 0% [ 0 0 0 6 ] * - "C\ ^«nttftlH«39i *'C 9 0 OM 

s&t Paja±o3tK9ad*Ksw«i»ai-fi7t9^ K/< 

Al :0. 001-0. 0 10%, Ti : 0. 005- 30 ha^KMK«nM*fflimftMfrflM^«1>0 

0. 0 2 0%Ol«fctt2HilJ:m, WFe T?fc*» B 

*s J: J: 9 <c 9 , TSS*«S;fc>**vaiR*S [ 0 0 0 7 ] 

ftCeq. (%) #0. 83%-l. 23%, ^^^r [HUHtffftI-* fcft©*«I * M h/«- 

hSfigjtaB t*«o«Ti?*)*»is*a»!ini*afflw«m 9«r ha#ajtftosiwoai**9 o o*v^ui ooo 

Coq. (%) =%C+ (%S i) /20+ (%Mn) «)^^7BKISr*ftf^Pt*S t atfOSJrOtt^ * 

/5 + (%Cr) /9 + 1. 54 (%V) < MUUM L^1" < ft 9 , 

Bt*-31. 2-100 (%C) -6. 7 (%Si) + tMVbvtl. U6>U 7*?-f 

9. 0 (XMn) +4. 9 (Mr) -8 1 (%V) §m^^ bft&ZR&t£&7C%<D&®tt+ftfiift 

10 0 0 11 [0008] tr-C*J8W*6f* 4 h»fefcft 

^««wa»raDx*ixaffl**ro5t>, tticMia-coft ^wst^ftii-eiei^sco^x^-Y h^-7-< hawses. 

[0002] i-<£ 9 (Eigsfts c, si, 

£*T®M&tikmfcl* ®mk®tik$:MbxQiftLX\,* W&1r%z fc X 9 0 omp & ^.h^frM^:. 7-f h'* 
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[0009] tRto&&ktoMmA#mi#tii*> 

10010] Bt = 3l, 2-100 (%C) -6. 7 
(%S i) +9. 0 (%Mn> +4. 9 (%Cr) -8 
1 (%V) 

Tfi, 

^SSSfiCoq. (%) «%C+ (%Si) /20 (% 
Mn) /5 + (%Cr) /9 + 1, 54 (%V) , 
3138 (MP a) = 7 6 9 xCeq. (%) + 2 6 

7 

feCeq. >1. 2 3%X-(i^t^hT?l5t)Ceq, 
£1. 2 3%-CFSB t^Oit)*?l^|:^ htf 

[0012] ^.t^CCeq, t'Jl^B t &-^$5 

*5 0 , lifi%X-C ; 0 . 25-0, 50%, Si : 0 . 
40-2. 00%, Mn : 0. 5 0-2. 5 0%, C 
r : 0. 10-1. 00%. S : 0. 03-0, 10 
%, V : 0. 05-0. 3 0%, N: 0, 0 0 5 0- 
0. 0 2 0 0%£fefCA 1 : 0. 0 0 5- 0. 0 5 0 
%, T i : 0. 0 0 2-0. 0 5 0 %<7> 1 fit, L, < 14 2 

iXX'^^^^SfltCo q. (%) #0. 83%- 

Ceq. (%) = %C + (%Si) /20+ (%Mn) 
/5+ (%Cr) /9+1. 5 4 (%V) 
B t»3 1. 2-100 (%C) -6. 7 (%Si) t 
9. 0 (%Mn) +4. 9 (%Cr) -8 1 (%V) 
ElC^fc, Sft%TC : 0. 2 5-0. 5 0%, S i : 
0. 4 0-2. 0 0%, Mn;0, 5 0-2. 5 0% v 
Cr:0. 10-1. 00%, S : 0. 03-0, 10 
%, V : 0. 0 5 - 0. 30%, N: 0. 0 0 5 0- 

0 . 0 2 0 0 % 

Ca ; 0. 00 0 4-0. 0 0 5 0%^ t *fe£A 

1 :0. 001-0. 010%, Ti : 0. 005- 
0, 0 2 0%©X«Sfc»4 2fB£JLbfc3* % !2PFe 

SCeq. (%) JO<0. 8 3%-l. 2 3%, 'Mt-f 

m 

Ceq. (%) =%C + C%S i J /20+ (%Mn) 
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/5 + (%Cr)/9+l. 54 (%V) 

Bt = 3l. 2-100 (%C) -6. 7 (%Si) + 

9. 0 (%Mn) +4. 9 (%Cr) -8 1 {%V) 

[0013] iaT«w3Bw^i»*aiK:o^ri(i-<«. 

[0 0 14] C : CttttfcJMfc-f-5fcfc|cO. 2 5 %# 
±#£BTJb6. 0, 2 5%*f«'CWlk^&7tS^# 

io totftafc*. ±«*o. 50%ir^. 

[0015] Si : 5 i ^BSHlftjcW & l-Xffl&lkit 

5o W<fctjBffllWtt<Dfe*0. 4 0%filiW*ffca 

[ 0 0 1 6 ] Mn : Mn litttttt«tt*#fc£iH"fcfl 
4 Sfrffrt £ CO |C ^ffl ft jes* fc 9 , Jftft ^ fc it fc'>4 < 

»0**litt*<*f ]■«>»£*: fcfcbi\ 
[0017] Cr :Cr W»tofc*0, 1%£U: 
20 J**#5S-C*>a**, *«»J8*0ttMn|Rr«li-<-f^ h£ 
*£4*4fcfcl. 0 0%ttTfc+6. 
10 0 18] S : 5l4Mn S <!: LXMf&LX, IS*- 

0. 0 3%^»MX-feft^, £ftfc»faPLfc 

o. io%tra. *6Ksi±*iWtt*rrtiJts*a. 

[0019] N : NI1VN, T i Nfo^^ftNbNi L 
0. 0 0 5 0%^TN4Cft&tf«iJM*/M<, jg 

*.x«aD ux tawRttftft-r a. 

[0 0 2 0] V : VttVNfc Lr««Lrttrt7*5W 
flUMWCfc**, 0. 3 0%*jfflA.5t«9t4^ft: 

40 [0 0 2 1] A] :A1 !4Ji£K#£ L-C«W4ft*S* 
J&fcttO. 0 0 5%^±^«tfc5^ 0. 0 5 0% 
[0 0 2 2] *fc, WittlWttaDekSwitftC a frflttHI 

tt4rfRl±$^6yt^0. 0 0 l %^±*j6fiudQrs^S^ 
50 [0 0 2 3] Ti ;Ti ttJttKtti: LTiRlpS 
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5 

fcfco. oo29ia±owu^fcK-e***^ o. 05 

0. OaoXttTt-ffiAH^M*, 0. 0 0 5%* 

[0 0 2 4] Ca :ftlunzA»AV^«|HKMl}« 10 
•Mtttmi±«*«fc»K:, CaO, 0004-0, 0 

o 5 0%©«jQa«3afttt-efe5o o. ooo4%*fKi* 

W»*ft<, 0. 0 0 5 0%*«*.T*OTLfctK\ tf 
4rrt±*«frfcV«^^tt, fPdfiOCa Ottto^ffa-e^ 

[0 0 2 5] Ceq. : flOH*]ft*£0SIS9&*ttA 

3l$!3 30l£ (MP a) =7 5 9 xcsq. (%) + 2 S 
7T*>5, Ceq, #Q, 8 3 %0 1 S 318*9 tt^tt 9 
O0MPatfci 6 <fcoT v 9 0 QMP a£iLt*>3|»!) 
»Si"j-*fc», Ceq. *0. 8 3 WKJkfcflUE-f 
5,(IU Ccq.#l, 2 3 fc h 
Btt3flSKw6fc*±lB*i. 2 
[0 0 2 6] Ceq. (%) =%C+ (% 5 1) /2 0 
+ (%Mn) /5+ (%Cr) /9+1. 5 4 (%V) 

h£fi§Jg»B t tt*KS£jW&c0^Sfl*&S' 10 0*7 30 
h'*— 7"f ht-*-Sfc«>^a»xfiBT?fca. ^ 
^*-f hSEJfittMn* CrOjfiiPjcj:!3ffiJit*i, C, 

aattiB (1100-700 Komo^jfrsnHKSAs 

0. 5-2. OK/5) TO, Bt«312-100 
(%C) -6 7 (%Si) + 9 0 (%Mn) +4 9 (% 
Cr) -810 (%V) Q Q%7* 

[0027] fc*S, ^±^S3S^ftlC-fl»(wftBiJJc^i 40 



f #Df)¥6-2 8 7 6 7 7 
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LX*P^tLSPb, Bi, Te, Se«:JgfiaSJDtfc« 
tfPb, BittO, 0 5%a±trWpUfc»^ fiRA 

[00 2 8] 0. 02%JBLhOTe, SettSilWKfc. 
[0 0 2 9] 

[WJ] « 1 fcjj* Lfcffi* 0>jjaj<fc(&$B£ 1 !> 0 k g S 

fcL, Xft&t&Si&l 5 2 5KT*1 2 0 0SOfilMft, 

fc. 31*0ttBUmj 1 5 4-mWfrJBW:. 
[0 0 3 0] Sfcfc, SlONo. 26-3],i;o^-C 

a, ±ieojkm!bKmk 1 j i s-pzqkt j n^^- 

Ora/min. 0. 2mm/rev, fl&42. 0 

[0 0 3 1 J *l£**UiJ:3K % *3§WCDflIttjRRa5Ml 
X**-C3IRt)SfiS9 O OMP aRfctfl 0 0%7*7 

(T. S> ) (Y. R, ) tt±ft 

U (R. A. ) ttffiTi-*fiM«<fc«.ff % W- 

9iB9M*?j£ttuta4, ^fsn^witt, &s 

ISli, B tto>0 J: B**v*fc«K<-f^-f hi 4o)tit 
R«No. 4, 8, 12, 1 3<fcl3 ittt 
JWNo. 5, 9, 1 5. 18, 2 1, 2 2, 2 3, 2.4 
f±9 0 0MP a #±057;* 5 -f hWiftof 

afcPWitu *9«tt«V\ te^fiSNo. 2 5 MB til 
OJSrF?*>Sk£><0, Ceq. #1. 2 3%ftffi*X^ 

[0 0 3 2] *fc % S*52(D$fBS«No. 2 6, 2 
7, 2 9, 3 0K*tt5««X*B«tt % JtK^No. 
2 8, 3 1 kft^TS 0-4 0» m/h$l/\, 

[0 0 3 3] 

[Si] 
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